Our objective has been to determine the total content of magnesium, iron, chromium and zinc, as well as the heavy metal fractions in selected natural fertilisers, such as swine and bovine manure and poultry litter from laying hens and broilers. The total content of the metals was determined by the ICP-AES method following dry mineralisation in a muffle furnace at 450°C and dissolving the ash in HCl (1:1). Fractions of Fe, Zn and Cr were isolated by the 3-step sequential fractionation method proposed by the Community Bureau of Reference (BCR). This study has shown that the analysed organic materials had different content of the determined metals. The largest amount of Mg was found in litter from laying hens and the largest amounts of Fe, Cr and Zn were in litter from broiler chickens. The smallest amount of Mg was found in swine manure, Fe and Cr were the least abundant in litter from laying hens, and the lowest Zn content was in bovine manure. The content of these four heavy metals was significantly differentiated by the origin of fertiliser. The exchangeable fraction F 1 had the smallest share in the total Fe content among all the fertilisers. As for chromium, this fraction made the smallest contribution to the total Cr content in litter from laying hens and broilers while the reducible fraction F 2 was the smallest part of the total content in both types of manure. Fraction F 1 of zinc was the smallest in the total content in swine and bovine manure and while the oxidisable fraction F 3 made up the smallest share in the total content of this metal in litter from broilers.
INTRODUCTION
Soil is the basic element of an ecosystem, in which it is responsible for crop yields and their chemical composition. Fertile soil, with good structure, proper water and air conditions and abundant organic and mineral compounds, helps to ensure good crop quality. The amount of organic matter in Polish soils has been decreasing in recent years, which is due to the diminishing amounts of natural and organic fertilisers applied in plant cultivation as well as more intensive mineralisation, leading to a considerable reduction of the organic matter content. As well as being a reservoir of macro -and micronutrients for plants, organic compounds are vital for many processes in soil, such as enzymatic reactions and oxidation and reduction processes. Depletion of organic matter in soil leads to its gradual degradation. Low content of organic carbon in soil entails some disruptions of air and water relations, lower biological activity, worse buffer capacity and inferior soil fertility. Therefore, in order to maintain appropriate soil fertility, it is necessary to apply both mineral and organic fertilisers as well as natural and waste organic materials. The chemical composition of natural and organic fertilisers depends mainly on the animal species and age, rearing purpose, quality and quantity of bedding and fodder, water content and housing conditions (Pająk, kowalik 2006 , Bednarek et al. 2010 . Apart from the main nutrients, such as nitrogen, phosphorus and potassium, natural fertilisers contain magnesium and micronutrients. Magnesium is a very important macronutrient because it is the main component of chlorophyll and therefore a crucial factor in the process of photosynthesis. Furthermore, magnesium affects energy conversion processes, synthesis of carbohydrates and proteins as well as the transport of assimilates. Its strong impact on the root system and the quality of cell walls determines plant resistance to diseases and infections (Pasternak et al. 2010 , GrzeBisz et al. 2010 , GrzeBisz 2011 . The natural content of magnesium in Polish soils is low and additionally lowered by strong acidification and organic matter deficit (sienkiewicz et al. 2009 (sienkiewicz et al. , GrzeBisz et al. 2010 . Zn and Fe are essential for proper plant metabolism, but can be toxic when present in excessive amounts. Zinc plays several roles: it is an active component of many enzymes, such as dehydrogenases, peptidases and phosphorylases; it takes part in the metabolism of carbohydrates and proteins; it regulates the formation of ribosomes and shares of different components on the cellular level and it enhances plant resistance to drought and diseases. Iron stimulates the synthesis of chlorophyll and participates in the transformation of nitrogen compounds and processes of oxidation and reduction (wyszkowska et al. 2013) . Thus far, chromium has not been shown to be indispensable to plant growth and development, but there have been reports on its regulatory effect on transformations of proteins and fats and its possible participation in enzymatic reactions. For plant nutrition and for the broadly understood environmental protection, these metal species present in soil and in fertilisers which can be 91 directly absorbed by plants are important. Sequential extraction is the most common method used for the determination of different species and fractions of metals in samples taken in the natural environment (Quevauviller et al. 2003) . There are many reports in the literature about different metal species in soils, but relatively few discuss the issue in the context of natural and organic fertilisers (Gondek 2006 (Gondek , irshad et al. 2013 .
The aim of this study was to determine the total content of magnesium, iron, chromium and zinc, as well as the heavy metal fractions in selected natural fertilisers: pig and cattle manure and poultry litter from laying hens and broilers. The research focused on magnesium, which is an indispensable plant nutrient, also regulating soil pH, and on the metals whose speciation is dependent on soil reaction.
MATERIAL AND METHODS

Swine
The total content of Mg, Fe, Cr and Zn was determined with ICP-AES after the initial dry mineralization of each sample in a muffle furnace at 450°C and dissolving the ash in HCl (1:1) The fractions of heavy metals were determined with a 3-step method of sequential fractioning proposed by the Community Bureau of Reference -BCR (RauRet et al. 1999) . A scheme of the procedure is given in Table 1 . The content of zinc, iron and chromium in the examined organic waste materials was described with arithmetic means, standard deviations and variation coefficients. In order to determine the significance of differences between the average content of zinc, iron and chromium in the tested materials and individual fractions, a two-way analysis of 
RESULTS AND DISCUSSION
The content of Mg in the analysed natural fertilisers was varied and depended on the origin of fertiliser ( Table 2 ). The highest average amount of the macronutrient (8.311 g kg -1 DM) was found in poultry litter from laying hens (from 6.581 to 10.12) and the lowest one (3.337 g kg -1 DM) was determined in pig manure (from 2.251 to 4.483). This is probably caused by different composition of the fodders consumed by animals, the type and amount of bedding, but also by different methods of animal rearing and use. Similar findings have been observed by Maćkowiak, ŻeBrowski (2000) and Bednarek et al. (2010) . Research on heavy metals in environmental samples (soil, organic and mineral fertilizers) is a complex issue, which involves serious difficulty for researchers due to the size of fractions that bind metals, their amorphous nature and, commonly, low concentrations of bound metals (Gondek, FiliPek-Mazur 2003 , wanG et al. 2003 , Świetlik, trojanowska 2009 . The current study, and especially the analysis of variance and Tukey test, demonstrated that the examined materials contained various total quantities of Mg, Zn, Fe and Cr and diversified distribution (proportions) in the fractions identified with the BCR procedure (Tables 2, 3 ). The highest amount DM and 4.371 mg kg -1 DM, respectively). In nearly all the analysed organic materials, except for chicken (layer) manure, the highest amount of iron was extracted in the residual fraction F 4 , which is non-absorbable to plants, while the lowest one was in the exchangeable fraction F 1 , which is directly absorbable to plants, and these observations are consistent with some previous studies (kaleMBasa et al. 2007 , kuzieMska, kaleMBasa 2011 .
The distribution of iron in the determined fractions within the analysed fertilizers can be arranged in the following order:
-swine and bovine manure:
In both types of manure, chromium in the organic fraction F 3 and bound to sulphides constituted the highest proportion in the total content, whereas the smallest proportion was in the reducible fraction F 2 . In chicken manure, both from layers and broilers, the highest amount of the metal was detected in the residual fraction F 4 , while the lowest was in the exchangeable fraction F 1 .
The proportions of chromium in the fractions according to the BCR procedure can be presented in the following arrangement:
-swine and bovine manure: F 3 > F 4 > F 1 > F 2 ; -chicken manure (layers and broilers): F 4 > F 3 > F 2 > F 1 . Different relationships were found for zinc. In swine manure, zinc was found in the highest proportion in the residual fraction (F 4 ). In bovine manure and in chicken (layers and broilers) manure, the highest proportion of zinc was found in the organic fraction (F 3 ) and the reducible fraction (F 2 ), respectively. In both types of manure and in chicken (layers) manure, the lowest amount of zinc was extracted in the exchangeable fraction F 1 , whereas in chicken (broilers) manure, the organic fraction F 3 was characterised by the lowest amount of zinc.
The distribution of zinc in the individual fractions in the analysed materials is arranged in the following order:
-swine manure: F 4 > F 3 > F 2 > F 1 ; -bovine manure: F 3 > F 4 > F 2 > F 1 ; -chicken manure (layers): F 2 > F 3 > F 4 > F 1 ; -chicken manure (broilers):
The analysis of variance and the Tukey test demonstrated significant differences between the average concentrations of zinc, iron and chromium in the examined materials. The significance of differences is presented in Tables 4 and 5.
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The correlation analysis showed a significant relationship between the content of Mg, Zn, Cr and Fe in the fertilisers, which is demonstrated by high values of the Pearson's linear coefficients (Table 6 ). The highly significant relationship between the content of Zn and Mg (r = 0.48 **) and between Fe and Cr (r = 0.77 **) is particularly noteworthy.
Recapitulating, the chemical analyses and the statistical calculations demonstrated that the analysed natural fertilisers, pig and cattle manure and poultry litter from laying hens and broilers, differed in terms of the total content of the metals as well as the distribution of Fe, Zn and Cr in the frac- 10 -* -differences significant at α < 0.05 ** -differences significant at α < 0.01 tions isolated in accordance with the BCR procedure, in which our report concides with the findings of Bednarek et al. (2010) . The highest content of Mg was found in litter from laying hens, while the other metals were present in the highest amounts in broiler litter. This variation may be due to the different method of feeding and use of animals from which the analysed organic materials originated. In order to verify this hypothesis, our research should be extended to cover feed analyses. All the analysed fertilisers contained relatively little of the heavy metals in the exchangeable fraction, and therefore they are not a potential source of contamination for plants.
CONCLUSIONS
1. The total content of Mg, Fe, Zn and Cr in the natural fertilisers under study and the content of heavy metals in the fractions isolated in accordance with the BCR procedure were differentiated by the fertiliser origin.
2. The largest amount of magnesium was found in litter from laying hens while the other metals were present in the highest amounts in broiler litter.
3. The content of Fe, Zn and Cr in the exchangeable fraction F 1 was relatively low in all the analysed natural fertilisers.
